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SUMMARY 

Coated and uncoated u n i d i r e c t i o n a l  laminates o f  Cel ion@/LARC-160 

graphi te /po ly imide were thermal ly  aged i n  a i r  a t  temperatures o f  204, 260 

and 316OC f o r  var ious times up t o  15,000 hours. 

w i t h  a h igh  temperature coat ing r e s i n  (polyphenylquinoxaline--PPQ): 

edges only, ( 2 )  top and bottom only, (3) completely, or  ( 4 )  not a t  a l l .  

P e r i o d i c a l l y  dur ing  aging, panels were removed from the  ovens, weighed and 

s h o r t  beam shear (SBS) specimens cu t  from selected loca t ions  i n  the  panels. 

The p r o t e c t i v e  coat ing d i d  not  in f luence the  r e t e n t i o n  o f  SBS s t rength  

dur ing  thermal aging bu t  d i d  lessen t h e  amount o f  weight- loss incurred. The 

i n t e g r i t y  o f  the  PPQ coat ing was completely destroyed dur ing  aging a t  316OC. 

Selected panels were coated 

(1 )  
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INTRODUCTION 

Langley Research Center has been engaged i n  advancing composites and 

composite s t r u c t u r e  technology f o r  over two decades. Langley has been 

e s p e c i a l l y  a c t i v e  i n  developing composite ma te r ia l s  such as graphi te /  

po ly imides f o r  aerospace app l i ca t i ons  a t  temperatures h igher  than t h e  

convent ional  graphi te/epoxies.  One major concern i s  the long-term 

d u r a b i l i t y  o f  these mater ia ls  a t  e levated temperatures. There have been 

numerous s tud ies  o f  short- term thermal aging behavior of g raph i te lpo ly imide  

composites ( r e f s .  1 t o  5). 

of thermal ly  aging graphi te /po ly imides fo r  extended per iods of t ime up t o  

25,000 hours. It was noted t h a t  fo r  long-term aging a t  temperatures up t o  

288OC (550OF) the  pr imary damage mechanisms were edge crack ing and surface 

degradat ion ra the r  than bu lk  d e t e r i o r a t i o n  of the  laminates. Since t h i s  was 

thought t o  be, a t  l eas t  p a r t i a l l y ,  a surface phenomena, p r o t e c t i n g  the  

surface wi th a h igh  temperature coat ing  might he lp extend the  serv ice  l i f e  

of these laminates. 

I n  re f .  6-8, t h i s  author, repor ted  the r e s u l t s  

Resul ts  of  a thermal aging study of graphi te /po ly imide (Ce l ion  

6000/LARC-l60) laminates coated w i t h  a high temperature f i lm-forming r e s i n  

are repor ted herein.  

EXPERIMENTAL 

Laminate Fabr i ca t i on  

The tes ted  composite laminates were fab r i ca ted  from u n i d i r e c t i o n a l  

prepreg tape o f  Ce l ion  6000 carbon f i b e r s  (NR-150B2 poly imide f i n i s h )  i n  a 

LARC-160 poly imide r e s i n  matr ix .  The prepreg was suppl ied by F i b e r i t e .  

U n i d i r e c t i o n a l  layups o f  24 p l i es ,  approximately 45 cm by 76 cm, were 
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precompacted i n  a vacuum bag as shown i n  f i g u r e  l ( a ) .  The s tag ing 

condi t ions are given i n  f i g u r e  l ( b ) .  A s i m i l a r  vacuum bag arrangement was 

used f o r  the  subsequent autoclave cure process ( f i g u r e  2). The cure 

temperature p r o f i l e  i s  given i n  f i g u r e  3. F u l l  vacuum and 738 kPa (200 p s i )  

pressure were he ld  throughout the cure cycle. 

A f t e r  f a b r i c a t i o n ,  the  laminates were subjected t o  u l t r a s o n i c  C-scan 

inspect ion.  

panels, some o f  which were subsequently coated. 

Laminate Coating 

The acceptable laminates were cu t  i n t o  7.62 cm (3 inch)  square 

Selected panels o f  the  LARC-160 laminates were coated w i t h  a 

polyphenylquinoxal ine (PPQ) res in ,  chosen f o r  i t s  h igh  temperature 

res is tance.  This PPQ r e s i n  i s  an experimental m a t e r i a l  having the  f o l l o w i n g  

s t ruc tu re :  

Preparat ion o f  t h i s  m a t e r i a l  i s  described i n  re f .  9. As prepared, t h e  PPQ 

had an inherent  v i s c o s i t y  (11) o f  1.51 d l / g  and glass t r a n s i t i o n  temperature 

on (Tg) o f  295OC. The coat ing s o l u t i o n  was prepared as a 10% s o l  

i n  a 1:l mix tu re  o f  m-cresol and xylene. 

The laminate panels se lected f o r  coat ing were prepared by 

ds s o l u t  

1 i g h t  l y  

sanding w i t h  200 g r i t  sand paper and washing clean w i t h  ethanol and then 

d r i e d  a t  100°C f o r  1 hour i n  a c i r c u l a t i n g  a i r  oven. 

panels ( f i g u r e  4) were then coated w i t h  the  PPQ r e s i n  using a small  p a i n t  

brush. The coated panels were then a i r  d r i e d  a t :  

Selected p a r t s  o f  t h e  
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100°C - 1 hour 
200°C - 1 hour 
316°C - 16 hours 

The dried coatings were examined microscopically for integrity and with 

the exception of a few small bubbles were found to be well formed. A few 

samples of the coating were peeled to measure an average coating thickness 

of 25.4 vm (0.001 in). 

Isothermal Aging 

Forced-convection horizontal airflow ovens were used for the 

isothermal-aging environment at 204°C (4OO0F), 26OoC (500OF) and 315OC 

(600°F). The 3-inch 

square panels were supported vertically on their edges, 12 mn apart with air 

The average air velocity was approximately 0.75 m/sec. 

flowing between each panel. 

to 15,000 hours. At predetermined intervals, selected panels were removed 

The panels were given various exposure times up 

for testing. These panels were weighed to determine weight loss, examined 

under a microscope and then short beam shear specimens were machined from 

the panels as shown in Figure 5. 

Mechan ica 1 Test i ng 

SBS tests were performed in conformance with ASTM Standard Test Method 

for Apparent Interlaminar Shear Strength of Para1 le1 Fiber Composites by 

Short Beam Method (D2344-76) (ref. 10). A nominal 4:l ratio of span-to- 

thickness was used. 

following manner: 

The measured SBS strength values were averaged in the 

0" edge SBS - Average of rows A and C 
90" edge SBS - Average of the two edge specimens in row B 
Panel ave - weighed ave of rows A, 8 and C 
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RESULTS AND DISCUSSION 

The e f f e c t  o f  long-term isothermal aging on SBS s t rength and 

weight- loss of LARC-160Kel i on  u n i d i r e c t i o n a l  laminates (coated and 

uncoated) i s  i l l u s t r a t e d  i n  f i g u r e s  6 t o  11. Room temperature SBS strengths 

o f  uncoated and t h e  3 coated conf igurat ions a f t e r  15,000 hours aging a t  

204'C are summarized i n  f i g u r e  6. 

uncoated panels and any of t he  coated panels. 

s t rengths of specimens taken from the 0' edge of the panels seemed t o  be 

s i g n i f i c a n t l y  less than the  strengths elsewhere i n  the  panel. This same 

edge dependent behavior was repor ted i n  r e f .  6, where it was a t t r i b u t e d  t o  

severe t ransverse and in te r l am ina r  cracking progressing deeper i n t o  the  

panel w i t h  increas ing aging t ime and temperature. Indeed, as can be seen i n  

the photographs o f  f i g u r e  12, there i s  severe crack ing i n  the  0' edge o f  

both the  coated and uncoated panels. 

over most o f  the surface, the crack ing p a t t e r n  and crack s izes are 

approximately the  same as the uncoated. There has been some l o c a l  crack ing 

of  the coat ing over the l a rges t  cracks. The coat ing has not  prevented the  

crack ing but  has probably l i m i t e d  ox ida t i on  of  t he  i n t e r n a l  surface o f  the 

cracks. This i s  supported by the  weight- loss data o f  t he  panels aged a t  

204'C shown i n  f i g u r e  9. 

s i g n i f i c a n t l y  greater weight- loss throughout aging than those wi th edge 

coating. I n  addi t ion,  t he  photomicrographs i n  f i g u r e  13 show several cracks 

penetrat ing the  90' edge o f  t he  uncoated panel but  no observable cracks i n  

t h e  90' edge o f  t he  coated specimens. 

There i s  l i t t l e  d i f f e r e n c e  between the 

I n  each case the  SBS 

Although the  coat ing remains i n t a c t  

The panels wi thout  coat ing on the  edges had 

There was some damage t o  the coat ing 
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itself on the 90" edges. Figure 14 shows a microphotograph of the 90" edges 

of a totally coated specimen where an area of the coating 1.5 mn long has 

come completely off. 

The effect of coating and geometry on SBS strength after aging at 260°C 

and 316°C is shown in figures 7 and 8. As can be seen in these figures, 

there was no consistent effect on shear strength due to either coating or 

geometry. 

The panels aged at 260°C and 316'C had severe cracking on the 0' and 

90" edges similar to the panels aged at 204°C. 

photomicrographs of the edges of the edge coated panel aged at 316°C for 

1000 hours shown in figure 15. 

shown in these photographs is the indication of almost complete destruction 

of the coating. As can best be seen in the 0" edge photo, the coating is 

severely cracked and peeled, affording little or no protection from 

oxidation. 

This is illustrated by the 

Perhaps more significant than the cracking 

The weight-loss data shown in figures 10 and 11 for the 260°C and 316'C 

aging show behavior similar to that at 204°C. There is slightly less 

weight-loss for the two edge coated configurations aged at 260°C but the 

effect is less than was seen at 204°C. When aged at 316"C, these panels 

initially show reduced weight-loss with coated edges but after aging 1000 

hours the weight-loss for all four configurations is practically the same, 

reflecting the fact that the edge coating is functionally gone. 

It is apparent from the preceding that coating Celion/LARC-160 panels 

with a 25 Pm coating of PPQ has little or no effect on their cracking 

behavior or shear strength when thermally aged. 

coating retards oxidative weight-loss at temperatures up to 260°C. 

It does appear that the 

At 
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temperatures above 26OoC the coating provides some protection for about 500 

hours after which the coating is sufficiently damaged to be useless. 

It is possible that a thicker coating would have afforded more 

protection, however, the thermal aging results reported in ref. 6 and this 

effort indicate that the oxidative degradation of panels occurs primarily at 

the edges and does not affect the overall panel properties severely. Large 

panels will mainly deteriorate by str ctly thermal degradation only rather 

than surface oxidation. A protective coating will have little or no effect 

on this degradation. 

CONCLUSIONS 

The use of a protective PPQ coating on Celion@/LARC-160 laminates 

afforded some surface damage protection when these laminates were thermally 

aged at temperatures of 204OC to 316OC. 

retain mechanical properties during thermal aging. The PPQ coating did not 

survive intact after 1000 hours of aging at 316OC. Coating of graphite/ 

polyimides composites such as Celion 6000/LARC-160 wi 1 1  probably not 

significantly increase their service life at elevated temperatures. 

The protective coating did not help 

8 
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NYLON VACUUM BAG 

162 GLASS CLOTH 

120 GLASS CLOTH 

PERFORATED CAUL PLATE //I/ 
MOCHBERG PAPER 

TEFLON COATED GLASS CLOTH 

I I l l  
TEFLON COATED GLASS CLOTH 
MOCHBERG PAPER 

KAPTON 

- - -_ - - - - - - - - - - -  

STAGING PLATE 

(a) Vacuum bag layup. 

1. APPLY 12.7cm (5in) Hg VACUUM AND HOLD FOR FULL CYCLE. 

2. HEAT TO 218°C (425°F). 

3. HOLD AT 218°C (425°F) FOR 30 MINUTES. 

4. COOL TO LESS THAN 65°C (150°F) BEFORE RELEASING VACUUM. 

(b) Staging conditions. 

Figure 1. Typical (a) vacuum bag layup and (b) staging conditions 
for Celion/LARC-I60 composite precompaction. 
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KAPTON VACUUM BAG LL 162 GLASS CLOTH 

PERFORATED CAUL PLATE Ill 
120 GLASS CLOTH 

-TEFLON COATED GLASS /if - - - - - - - -  

IIY 
I I% 

STAGED COMPOSITE 

TEFLON COATED GLASS 

CLOTH 

CLOTH 

120 GLASS CLOTH 

PERFORATED CAUL 

162 GLASS CLOTH 
KAPTON 

STEEL TOOL 

PLATE 

Figure 2. Vacuum bag layup for autoclave cure processing of Celion/LARC-160 
composite panels. 
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Figure 3. Cure cycle for Celion 6000/LARC-160 composite panels 
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3" 

0" EDGE 

90" EDGE 2 

PANEL COATING 
(1) Total (top, bottom & all edges) 
(2) Top & bottom 
(3) Edge (both 0" & 90") 

Figure 4. Test panel configuration showing areas coated with PPQ resin. 
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Row A 

90" Row B 

Row C 

CUTTING PATTERN 

mm = 1- mm 

Fiber 
Direction 

Fiber Direction 

SBS SPECIMEN 

Figure 5. Aged panel cutting pattern and SBS specimen geometry. 
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O +  

0"EDGE 
90"EDGE 
PANEL AVE. 

NO COATING NO EDGE COAT EDGE COAT TOTAL COAT 

Figure 6. Room temperature SBS strength retention of specimens machined from 
coated and uncoated panels of Celion/LARC-160 aged 15,000 hours at 
204°C. 
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90" EDGE 
PANEL AVE. 

NO COATING NO EDGE COAT EDGE COAT TOTAL COAT 

Figure 7. Room temperature SBS strength retention of specimens machined from 
coated and uncoated panels of Celion/LARC-l60 aged 5000 hours at 
260°C. 
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Figure 8. Room temperature SBS strength retention of specimens machined from 
coated and uncoated panels of Celion/LARC-l60 aged 1000 hours at 
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0 NOCOATING 
0 NOEDGECOAT 
W TOTALCOAT 
0 EDGECOAT 

3 

2 

1 

0 
l o z  l o 3  

AGING TIME, hrs 

16 

Figure 10. Weight loss of coated and uncoated panels of Celion/LARC-l60 
aged at 260°C. 
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AGING TIME, hrs 
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Figure 11. Weight loss of coated and uncoated panels of Celion/LARC-160 
aged at 316°C. 
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ORIGINAL PAGE IS 
OF POOR QUALITY 

UNCOATED 
20x 

COATED 
20x 

Figure 12. Photomicrographs of the 0' edge of coated and uncoated panels of 
Celion/LARC-l60 aged for 15,000 hours at 204°C. 
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39x 

COATED 
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Figure 13. Photomicrographs of the 90" edge of coated and uncoated panels of 
Celion/LARC-l60 aged for 15,000 hours at 204°C. 
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20x 

Figure 14. Photomicrograph of the damaged coating on the 90" edge of a 
Celion/LARC-l60 panel aged for 15,000 hours at 204°C. 
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COATED 
0" EDGE 

13X 
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90" EDGE 
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Figure 15. Photomicrographs of the coated edges of a Celion/LARC-l60 panel 
aged for 1000 hours at 316°C. 
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